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(54) Reinforced structural members 



(57) A channel-shaped section has a thin, local re- 
inforcement shell (40,108) separated from the channel- 
shaped section (22,104) by a layer of structural foam 
(44). At the reinforced section an arch geometry is uti- 
lized which c/iends in a direction opposite that of the 
force to which the member is subjected. The arch may 



be present as the channel-shaped member (22,104), 
the reinforcement shell (40,108) or both the channel- 
shaped member and the shell. A portion of the shell 
(45,110) contacts the channel-shaped member and is 
attached thereto by welding or other means of attach- 
ment. The structural member may be a vehicle bumper 
(20) or a vehicle door side beam (102), for example. 
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"Hie present invention relates generally to method* an* ^ 
specif, felate5 10 .oca. rename. S^S^^.J^^^'- «* -ore 
* In a number of applications, particular* in the automotive S~ J ' 

structural members. Although struaurai members ZS£££S^ m * '° r ^-strength 
use o. varwus mata. altoys such as titanium aJlovs and me Z £m T"* be readi| y 00tained trough the 
P'^ehautomotivea^^ are generally cost 

over reinforcement techniques are required which SESSE ^^^^'^^^natanals. More- 
« thereby eliminating the need for fundamental **^S£^^2? l ° 8X ' St,n9 9e0me,ries «* Parts, 
performance can be remedied. That is. in many hX£2S££^ 9 3 m6anS by su ^tandard design 
reached me stage at which radical ta s 2SS ^ ^ V9hic,a dasi 9" "as 

In addition, a significant amount of emphasis has been nba^oH *k ^ 
shaped structural components which fi^^?"^ ^""stics of channel. 

» designed for motor vehicle doors have a chame^hieTcaS ?n Si 9 ' ^P' 9 ' ™^ 8ida ™P** beams 
shaped. These channelled sections are moWcfptSeTo ISE? ,Un<ai0nal bum P 9rs ™ *■""•»■ 
the m.dspan of the beam. susceptible to bending forces which originate at or concentrate in 

Although filling the entire section with plastic foam does sionm^n,.., i- 
densrty foams are utlHzed). this technique may l^g^tof^™**** ^ Stiffn98s < at ,aas « *hen high- 
- « undes.rab.e in most applications. In addition. 'SZT™ *« P a " waight. which , as stated. 

Finalry a large foam core often creates an unwanted Sljff JESSi^"* C ° ntrfl5Ute » cost 

or i adding localized metal reinforcements will incraaseTuTess^'t?^ ^SL'ST^ ** m8tal 9aU " 0f a sec,ion 
difficult to form the part due to limitations of metal fominVmSC inCf9aS9S ' ft becomas more 

side impact beam for a vehicle door has been propped SESSS^ "* toam cores " *» a 
having a to „ g it udjnaJ cavrty which is filled with a thence. J!2K T metal member 

themidspanof the beam. The core may include hoi JgSS^^ 8 «» a - core is disposed in 
A reinforcement insert comprising a precast rehtercerronTS be- i ° rder, ° dacreased ^s«yandthus weight. 
P urauty of pellets containing a thermoset resin and a hi™*,„ . ™ J !T 1 P r ° P0S9d - 1719 reinforcement is formed of a 
Place in a structural member. A composite tubular door beSSL^! ZT* m6mber is «P«W and cured in 

/ect^V^st^ * reinforcing a channe , snaped ^ sub . 

an existing channel-shaped section which does SS^iSS^ST^ * PrOVid9 3 metnod of rei "'°'cing 
invention provides hollow sections which have t^^SSS^S^ ^ * " ""^ ^ presen ' 
of h.gh volumes of expensive resins. The present invention fuSrorlT n mass - a " witno "t the use 

parts without redesigning the geometry of C^^T^tZT^^ * r8in, °' Cin9 9Xis,in 9 st ™ 
sttffnessand strength in channeled ^i!SS£SS^^ ^ ' menU ° n increas9s section 

extends in a direction opposite that of th^orc^S mll^ t At 1,19 rein,orcad se <*°n an arch 
direction of the compression face of the *m£^£Z?Z arch IT *" '' S> ,ha «* pro ' 9c,s in *• ' 
member, the reinforcement shell or both the channeled ^nemh?, 1 V 6 Pr8S9nt 38 ,na channel-shaped 

SS^^T^ memb6r 3nd * ^t we" h o e r SS m POrti °'! °' th9 Sh9 «' Pf9 ' 9 ^ 

tanatai of the arch and the structural foam supports the load stebifiMsS» ?[ a " S °' attacnr "ent The com- 

distnbutes force over a generalized area away from concemStStS !mh ,h9 cnanna '-««aped member and 
shell and the structural foam are preferab V St^ZT^ZS^ ° n9 aSpect ' m9 «in'orcemen, 

shaped member and are dispose ^ubs J*?? the miSoM^ ^ 0 " e ftW °' 1,19 ton 9« h °' *• channel- 
shell is disposed in the channel of the ctoS^m^^ I ^ne.-shaped member. In one aspect the 
*e channel-snaped member. Tne ^et^^^^ZZZ^ V ^ 3 ^ °" ,h9 « 
«. structura. member. Also, in applications in which ■£ T^IE^J 0 **^ 5,991 ,0 ba used « 
comprise a mild steel or aluminum. structural member is high-strength steel, the shell may 
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t * In still another aspect the present invention provides a method of reinforcing a structural part which includes the 

steps of forming a layer of structural foam at a local reinforcement site in a channel-shaped structural member. A 
reinforcement shell is placed at the midspan of the chann el-shaped member and preferably extends no more than one- 
third the length of the channel-shaped member. The structural foam is placed on one surface of the shell which then 
5 contacts and bonds to the channel-shaped member. 

These and other advantages and objects of the present invention will now be more fully described with reference 
to the drawings. 

FIGURE 1 is a perspective view'of a reinforced bumper illustrating the position of an arched mid-span reinforcement 
shell. 

10 FIGURE 2 is a cross section along lines 2-2 of FIGURE 1 . 

FIGURE 3 is a cross-section of another embodiment of the present invention illustrating a D-shaped reinforcement 
shell disposed in the cavity of a hollow bumper section and separated form the bumper section by a layer of structural 
foam. 

FIGURE 4 is a cross-section of another embodiment of the present invention illustrating a reinforcement shell 
75 having a D-shaped configuration; the reinforcement shell is disposed in the cavity of a hollow bumper section having 
a double arch with an intervening layer of structural foam. 

FIGURE 5 is a cross-section of another embodiment of the present invention illustrating a localized arch-shaped 
reinforcement disposed in the channel of a bumper section with an intervening layer of structural foam. 

FIGURE 6 is a cross-section of another embodiment of the present invention illustrating a D-shaped reinforcement 
so shell disposed in a rectangular bumper section and separated by segmented regions of structural foam. 

FIGURE 7 is a crc&s-section of another embodiment of the present invention illustrating a an arch-shaped bumper 
having a rectangular reinforcement shell disposed thereon as a cap with an intervening layer of structural foam. 
FIGURE 8 is a cross-section of a double-arch bumper section with an arch-shaped reinforcement cap. 
FIGURE 9 is a perspective view of a reinforced door beam illustrating the position of a rectangular midspan rein- 
& forcement shell. 

FIGURE 10 is a cross-section along lines 10-10 of FIGURE 9. 

FIGURE 11 is a cross-section of another embodiment of the present invention illustrating an arched door beam 
with an arched reinforcement shell with an intervening layer of structural foam. 

Referring now to Figure 1 of the drawings, reinforced automotive bumper 20 is shown having bumper section 22 
30 in the nature of longitudinal, channel-defining structure having a length substantially greater than its width. Each edge 
of vertical planar wall 24 is bounded by sides 26. Each side 26 has a flange 28 that extends over open channel 30. 
Wall 24 defines an exterior surface or compression face 32 and a channel-side face or interior surface 34. It will be 
appreciated by those skilled in the art that compression face 32 receives the impact in a collision and is thus the region 
at which bending is induced. 

35 Positioned at the mid-span of bumper section 22, that is, generally centrally located between ends 36 and 38, 
reinforcement shell assembly 40 is seen having arched reinforcement shell 42 and intervening foam layer 44. If the 
location of maximum deformation is not at the central location, the reinforcement shell assembly will be appropriately 
off-center at the location of maximum deformation. Arched shell 42 has a pair of flanges 45 which overly and contact 
flanges 28 of bumper section 22. Arched shell has arch portion 46 which extends in the direction of wall 38 of bumper 

40 section 22. For the purposes of this application the terms "arched" and 'arch' shall include not only a traditional U arch 
shape but aiso a D-shape, an example of which will be more fully illustrated hereinafter. Arch is also intended to include 
M or V or W shapes. 

The structural member and the reinforcement shell may be metal stampings or may be roll formed metal. 
Referring now to Figure 2 of the drawings, the relationship of arched shell subassembly 40 and bumper section 
45 22 is more clearly shown. Arched shell has surface 48 which is in contact with and bonded to foam layer 44. Again, 
arch portion 46 of shell 42 extends in the direction of wall 38 and thus extends toward compression face 32 of bumper 
section 22. Foam layer 44 is also in contact with and bonded to face 34 of wall 38 as well as to side wall inner surfaces 
50, thereby attaching shell 42 rigidly to bumper section 22, forming a triiaminate construction. In addition, flanges 45 
are attached to flanges 28 by mig welds, although or means of attachment such as mechanical fasteners or high- 
50 strength adhesive may be suitable in a particular application. 

The length V of arched shell subassembly 40 is preferably equal to or less than one third of the length V of 
bumper section 22. The width °W of channel 52 defined by arch portion 46 of shell 42 is preferably at least 75% of 
width 'W of channel 30 of bumper section 22. The depth "D" of shell 42 which extends into channel 30 is preferably 
at least 75% of the depth "D" of channel 30. Bell-shaped, stilted arches or D-shapes having a rise (D) to span (W) ratio 
55 of from about .5:1 .0 to about 1 .0:1 .0 are most preferred. 

As best illustrated in Figure 2 of the drawings, shell 42 is a relatively thin -rauge metal compared to that of bumper 
section 22. The metal used to form shell 42 and section 22 will typically be steel or aluminum. For example Dl-form 
140 steel between 0.8 and 1 .4 mm is particularly preferred for shell 42. (And note that while metal is preferred, other 
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materia* such as plastic may be appropriate in a given application! On« «< « h * 

is the ability to use are relatively low-strength steeFfor bSSJS^S? adV f ntag8S d me P' ese ™ Mention 
weight, thin, high-strength steel shell 42. By providing an arc! Z reinforcing the structure with a light- 

fcyer of adhesive foam 44 which is bonded s^ - ^ervening 

shell 42 to section 22. reinforced bumper 20 orovides POt Weldin9 (or otne ™s* attaching) 

w«^=^^ _ dens, 

CraTl^ 

layer 44 maintains it s structure at high temptXTs^^^^T ° * such ,oam 

44 should be able to withstand temperas S^^ ^^Tc^Z^ ** ^ foam 
mm. Foam layer 4 has a thickness of preferably about 2 toTn^T^ m ^ V 1?S d " reeS C " '° r ^ 

In one particularly preferred embodiment foam layer 44 ■ , 

agent and a fitter. Foam 44 is preferably expanded in place be^n SI/2 « I T" 9,358 micms Pheres. a blowing 
together the following materials. A synthetic res^n comon^M frwn aSiut ^n sect ' on 22 and is prepared by blending 
more preferably from about 60 peSent to abo* TcZm^Z 2 ST"" * 80 percent * weiont «< 
microspheres comprises from about to to about 40 Jm^ZSEXSZ U86d ,0 ,0 ™ 44. Glass 

percent by weight of the mixture. A blowing agent ™ re r ,erab,y ff0m *" 15 to ■*« * 

preferably from about 2 to about 6 percent 2y weightXe SxS " 1 ° P6rCem * W8i 9 ht «* more 

Layer 44 could be initially applied in unexpanded form to either shell *» «r ■ «„ 
intonate contact with the other member and thereby bonTed to toth ™1S 22 and 1h8n BXpanded h «° 

expandable and the structural member is a vehicle paHee couS ZT l*? ^ Where the ,oam is 
the foam, without requiring a separate heatoj siep ^ °' P - " 1 oven ,0 inftia * expansion of 

Various fillers (such as fumed silica, calcium caroonata miiioH „i=e„ «. 
included. A filler comprises from about , percZo aJoT o S^JZ T" "»* 08 

to about 3 percent by weight of the mixture used to form team £ 9 Prefer3bly from ^ 3 P erce "< 

- as epoxy resins, viny, ester 

limited by molecular weight of the resin and suftobU weil* ™ . 2 ! ,he SCOpa 0f tha P resent mention be 
the present disclosure. Where the resin is a by those skilled in the art based on 

and curing agents, preferably di^yanamide nwS bTEJS^TI SUCh 38 imidi2c ' es ™P 30', 

accelerator is typically tram aboun ^Stt££?f£ esTwe^wT "* A ' UnC,i ° n3 ' * 
res.n. m«:rospheres or filler. Similarly, me amount of curing Zm^^SLT * T"**™** redUCtion m 
percent of the resin weight with a corresponding reduction in rill. I VP V ' rom 35001 2 P ercant '° about 8 • 
ing aids, stabilizers, colorants. UVabsomeraTd^ 

suitable in some applications. ke 3,80 09 ' nc,udad in Thermoplastics may also be 

nrJC! h- '?' 0Win9 tab ' 88, Pfe,efred fofmu,ati <™ tor use in forming foam 44 are desorih^ a.. 

present dsclosure are percent by weigh, unless otherwise specificalV designated e8Cn ° ed - A " P erce ^9es in the 
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(continued) 



INGREDIENT 


PERCENTAGE BY WEIGHT 


FORMULA II 




Epoxy Resin 


74% 


Aliphatic Amine 


65% 




Cefogen Blowing Agent 


6% 


Thbcotrope 


8% 




Thbcotrope 


4% 


K20 Microspheres 


27% 




K20 Microspheres 


16% 







In addition to the structure illustrated in Figures 1 and 2 of the drawings, the present invention provides a number 
of other configurations which embody the inventive concepts of the present invention as a motor vehicle bumper. More 
specifically, and referring now to Figure 3 of the drawings, structural member or main bumper section 54 is shown 
having flanges 56 that are welded to local reinforcement shell 58. Structural foam 60 is shown bonding shell 58 in place 
in the channel defined by bumper section 54. In Figure 4, bumper *ectiorv62 has a double arch portion 64 having twin 
arches 66 and 68. Structural foam layer 70 is disposed in the channel defined by section 62. As with the structure 
described in Figure 4, shell 72 is D-shaped and is attached to flanges 74. In Figure 5 t shell 76 having a stilted arch 
configuration is utilized in combination with a double arch main bumper section 78. Shell 76 has a pair of flanges 60 
that are a ttach ed to corresponding flanges 62 of bumper section 78. Figure 6 is a modification of the structure depicted 
in Figure 3, with the foam layer being segmented, i.e. provided as separate spaced linear rows or ribbon 84. 

Referring now to Figure 7 of the drawings, reinforcement shell 86 forms an external cap on bumper section 88. 
Bumper section 88 has the stilted arch configuration and is provided with flanges 90 that are attached to ends 92 of 
shell 86. Foam layer 94 is seen in the channel defined by shell 86. In Figure 8, bumper section 94 has double arch 
structure 96 and is separated from arched reinforcement shell or cap 98 by foam layer 100. 

In addition to reinforced bumpers, the present invention is useful in reinforcing door side beams. Referring now to 
Figure 9 of the drawings, door side impact beam 102 is shown generally having beam section 104 defining arch 106. 
As seen in Figures 9 and 10, reinforcement cap or shell 108 is provided and is attached (preferably by spot welding) 
to beam section 104 at flanges 110 and 112. An intervening layer of foam is disposed between inner surface 114 of 
cap 108 and outer surface 116 of beam 104. Alternatively, the cap and beam section could be reversed; that is, part 
108 could be the beam and part 104 an internal cap. It is to be understood that this reversal could be achieved in all 
of the preferred designs, including those described in connection with the bumper. In Figure 11 of the drawings still 
another configuration is shown in which two complementary arches are nested one within the other. Part 118 can form 
either the cap or the main beam body with part 120 forming the corresponding shell or beam. Foam 122 is shown 
disposed between parts 118 and 120 in the manner previously described. 

In still another aspect the present invention provides a method of reinforcing a structural part which includes the 
steps of forming a layer of structural foam at a local reinforcement site in a channel-shaped structural member. A 
reinforcement shell is placed at the midspan of the channel-shaped member and preferably extends no more than one- 
third the length of the channel-shaped member. The structural foam is placed on one surface of the shell which then 
contacts and bonds to the channel-shaped member. 

While the invention has been described primarily in connection with vehicle parts, it is to be understood that the 
invention may be practiced as part of other products, such as aircrafts, ships, bicycles or virtually anything that requires 
energy for movement. Similarly, the invention may be used with stationary or static structures, such as buildings, to 
provide a rigid support when subjected to vibration such as from an earthquake or simply to provide a lightweight 
support for structures subjected to loads. Additionally, while the invention has been described primarily with respect 
to heat expandable foams and with respect to metal parts such as the structural member and shell, other materials 
can be used. For example, the foam could be any suitable known expandable foam which is chemically activated into 
expansion and forms a rigid structural foam. The shell could be made of materials other than metal such as various 
plastics or polymeric materials or various wood type fibrous materials having sufficient rigidity to function as a back 
drop or support for the foam. Where a heat expandable foam is used the support or backdrop should be able to withstand 
the heat encountered during the heat curing. Where other types of foam materials are used, however, it is not necessary 
that the support member be able to withstand high temperatures. Instead, the basic requirement for the support member 
is that it have sufficient rigidity to function in its intended manner. It is also possible, for example, to use as the shell 
materials which in themselves become rigid upon curing or further treatment. The invention may also be practiced 
where the structural member is made of materials other than metal. It is preferred, however, that materials be selected 
for the structural member and shell as well as the foam so that the thin unexpanded foam upon expansion forms a 
strong bond with these members so that a structural composition will result. 
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Claims 

1. A reinforced structural member (20;102), comprising, 
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a structural member (22104) defining a channel- 

a reinvent she,, (40;l08, having a .ength (LJ less man the length (,, of said cnanne( . 
dement sn^^^^ 

tural member and to said reinforcement she?- and V ,oam bein 9 bo "ded to said struc- 

said tnlaminate region having an arch-shaped surface. 

2. A reinforced structuraJ member (20.102). comprising; 

a statural member (2*104) defining an open channel (30V 

SSSS^ — the length of sa« open channe, 

is positioned at a midspan of said t^SETT 1 SUCh *« '•Worcement shell 

a layer of structural foam disposed between mSSSJTS *" ' n,artaca is defined : 
and said reinforcement she«.whichdaf.n Ma ^ member 
said structural member and to said reinforcememSS ' ^ °' foam bein 9 ^ed to 

said tnlaminate region having an arch-shaped surface:' 
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" 3. The reinforced structural member recited in claim 1 or 2 wherein saW , 

Zl Wh8rem sa,d """'"'cement shell is arch-shaped 
4. The reinforced structural member recited in claim 1 or 2 wherein s *h 

or z. wherein sad structural member is arch-shaped 

3S 7. The reinforced structural member recited in any of claims 1 ta s • 

9. The reinforced structural member recited in claim 1 u,h»™ •„ . 

9 " aB " ,ha " «» toogih ol said «i 

«. — - « ^ w „ cam , _ Mi3 (<ww a ^ ^ 

13. The reinforced structural member recited in flnu 

Wttn« « ta, atou 2 ,o M *"» " - """""S **» «*•■* said uvam, ,oa m lay „ te a 
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^ 15. The reinforced structural member recited in any of the preceding claims, wherein said reinforcement shell is formed 

of high-strength steel or aluminum. 

» 

16. The reinforced structural member recited in any of the preceding claims, wherein said foam layer is at least two 
5 separate segments. 

17. The reinforced structural member recited in any of the preceding claims, wherein said structural f cam' contains 
from 60 to 78 percent by weight polymer, from 10 to 30 percent by weight glass microspheres, from 3 to 1 0 percent 
by weight filler and from 2 to 8 percent by weight blowing agent. 

10 

18. The reinforced structural member recited in any of the preceding claims, wherein said foam is expandable. 

19. The reinforced structural member recited in claim 18, wherein said foam is heat expandable. 

15 20. The reinforced structural member recited in any of the preceding claims, wherein said structural member is a 
vehicle bumper. 

21. The reinforced structural member recited in any of the preceding claims, wherein said structural member is a 
vehicle door side beam. 

20 

22. A method of reinforcing a structural member comprising: 

placing a reinforcement shell at generally the midspan of a channel-shaped member to be reinforced; causing 
an expandable structural foam disposed between the reinforcement shell and the channel-shaped member 
2S to be expanded thereby bonding the reinforcement shell to the channel-shaped member to create a trilaminate 

region having an arch shaped surface. 

23. A method as claimed in claim 22 wherein the expandable structural foam is provided on one or both of respective 
surfaces of the channel shaped member and the reinforcement shell to be bonded together. 

30 

24. The method of claim 22 or 23 further comprising nesting the reinforcement shell in the channel-shaped member. 

25. The method of claim 22 or 23 further comprising mounting the reinforcement shell outside of and around the 
channel-shaped member. 

35 

26. The method of any of claims 22 to 23 wherein the structural member is a vehicle bumper. 

27. The method of any of claims 24 to 25 wherein the structural member is a vehicle door side beam. 

*o 28. A method of reinforcing a structural member comprising: 

placing a reinforcement shell at generally the midspan of a channel shaped member and bonding it thereto 
with a structural foam to create a trilaminate region having an arch shaped surface. 

29. The method of claim 28 wherein the structural foam is an expandable foam, and the foam bonds the channel- 
shaped member and the reinforcement shell upon expansion of the foam. 

30. The method of claim 29 wherein the structural member is a vehicle part, and the foam is expanded by heat acti- 
vation. 

so 

31. The method of claim 30 wherein the heat activation occurs in a paint oven. 
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